Sumary Desmosomes are intercellular junctions that have been shown to be down-regulated in certain types of carcinomas and that may play a role in suppression of invasion and metastasis. We have shown previously that immunohistochemical staining for the major desmosomal glycoprotein, desmoglein (Dsg), is reduced in some cases of squamous cell carcinoma (SCC) of the head and neck, and that reduced staining correlates with lymph node involvement. Desmosomes are multicomponent organelles. We therefore sought to determine whether another major desmosomal mokcule, desmoplakin (Dp), showed similar reduced expression to that shown by desmoglein. We have stained 65 specimens of primary SCC of the oral cavity (37 non-metastatic and 28 metatastic) with monoclonal antibodies to both desmoglein and desmoplak-in. We show that reduction of Dp staining correlates with loss of differentiation of the primary tumour, degree of invasion and presence of lymph node metastases. Similar correlations were found with Dsg staining. There was also correlation between reduction in Dp staining and reduction in Dsg staining. It is concluded that down-regulation of desmosomal expression occurs in some cases of SCC of the oral cavity and is associated with invasion and metastasis. Desmosomes may have an invasion and metastasis suppressor function.
Detachment of cells from the pfimary site is an essential step in the metastatic spread of malignant tumours. The cells of certain types of tumours may be more readily detached from each other than the cells of normal tissues (Collins, 1990; Burkhardt, 1980 Burkhardt, , 1985 . Therefore altered cell-cell adhesion may make an important contribution to the initiation of both invasive and metastatic spread of tumours.
Desmosomes are intermediate filament-associated intercellular junctions that play a role in cell-cell adhesion. They consist of seven major proteins and glycoproteins. The principal desmosomal proteins are desmoplakins I and H (DpI and II), pakoglobin and B6P or plakophilin; the major glycoproteins are desmoglein (Dsg) and desmocollin 'a' and 'b' (Garrod, 1993; Schmidt et at., 1994; Kowalczyk et al., 1994; Collins and Garrod, 1994 , and articles therein). Both desmoglein and desmocollins occur as three distinct isoforms, the products of different genes, which form separate subfamilies of the cadherin family of calcium-dependent adhesion molecules (Buxton et al., 1993; Legan et al., 1994; Schifer et al., 1994; Nuber et al., 1995; Yue et al., 1995) .
The desmoplakins are members of a small family of intermediate filament-associated proteins that includes the 230 kDa bullous pemphigoid antigen and plectin (Garrod, 1993; Kowalczyk et al., 1994) . DpI exists as a dimer with a flexible coiled-coil central rod domain and more globular end domains (O'Keefe et al., 1989; Kowalczyk et al., 1994) . Dp II, probably an alternatively spliced variant, has a substantially shorter rod domain. Immunoelectron microscopy suggested that Dp may link the desmosomal plaque to the intermediate filaments (Miller et al., 1987) . Molecular biological evidence now indicates that the NH2-terminal globular region associates with the plaque and the carboxyterminal region with the intermediate filaments Bornslaeger et al., 1994; Kouklis et al., 1994) .
Several electron microscopical studies of desmosomes in tumours have suggested that a reduction in desmosomal adhesion may correlate with invasive behaviour (Alroy et al., 1981; Burkhardt, 1980; Schindler et al., 1981) . However, a limitation of electronmicroscopy is that only a very small part of the tumour can be examined. Immunohistochemical studies using antibodies specific for desmosomal components can, by contrast, provide a much more extensive analysis of expression of desmosomes (Osborn and Weber, 1985; Moll et al., 1986; Vilela et al., 1987) . Such studies have indicated down-regulation of desmosome expression associated with invasion in transitional cell carcinoma of bladder (Conn et al., 1990 ), but no change in level of expression in association with metastasis in colorectal carcinoma (Collins et al., 1990; Garrod, 1995) .
We have previously reported that reduced expression of Dsg, indicated by staining with monoclonal antibody (MAb) 32-2B, may be a marker to predict the invasive behaviour of squamous cell carcinoma (SCC) (Harada et al., 1992) . This antibody has recently been shown to recognise the cytoplasmic domains of the Dsg isoforms, Dsg 1 and Dsg 3, also known as the pemphigus foliaceus and pemphigus vulgaris antigens respectively . In this study we have examined the expression of both Dps and Dsgs in frozen section of SCC from oral cavity. This study was designed to determine whether expression of these desmosomal components correlates with each other and with degree of differentiation, mode of invasion and metastic potential of SCC.
Materials and Methods
This study is based on the histological and immunohistochemical examinations of 65 biopsies of primary SCC of the oral cavity, which included 37 non-metastatic and 28 metastatic cases. The TMN classification (1989) Vilela et al., 1987) . The sections were incubated with the diluted biotinylated anti-mouse IgG antibodies for 30 min and then with ABC peroxidase for 60 min according to the instructions of the kit. To visualise the immunoreactivity, sections were treated with diaminobenzidine-hydrogen peroxide (Wako Pure Chemical Industries, Osaka, Japan) as a substrate for the peroxidase. As a negative control, normal mouse serum was used in place of the primary antibodies.
The degree of staining was scored as follows: 3+, extensive staining of the tumour including the invasion front towards the connective tissues ( Figure 2a (Figure 3d and f. All sections were scored by two independent observers with no prior knowledge of the clinical data. Interobserver agreement was excellent: scores differed between observers by one degree of staining in 8% of cases and never differed by more than one degree. In cases where scores differed, the sections were scored by a third independent observer and the majority decision adopted. 
Results

Distribution of desmosomal staining in normal oral cavity mucosa
Normal oral epithelia showed positive staining with each MAb, whereas non-epithelial tissues such as submucosal connective tissues showed no staining. Staining with the MAb 11-SF to Dp I and II was strongest in the stratum spinosum and moderate in the basal cell layer, but the parakeratinised layer was unstained and the basal cells stained weakly ( Figure  la) . Staining with the MAb 32-2B to Dsgl and 3 was also strong in the stratum spinosum, while the parakeratinised layer was unstained and the basal cell layer stained very weakly (Figure lb) .
Relationship between Dp and Dsg staining and the differentiation grade of primary oral SCC Staining for Dp in well-differentiated tumours was strong (score 3 +) and similar to that of normal squamous cells. Dp staining was decreased in poorly differentiated tumours (score 0 to 2+) (Table II) . Staining for Dsg in well-differentiated tumours was also similar to that of normal squamous cells (score 3+). It was weak in poorly differentiated tumours (score 0 or 1 +) and scored 0 in all cases of differentiation grade 4 (Table III) There was a statistically significant correlation (P<0.01) between decrease in sig for both Dp and Dsg and loss of tumour differentiation (Tables II and III) .
Relationship between Dp or Dsg staining and the mode of invasion of primary SCC Staining for both Dp and Dsg was found to be related to the mode of tumour invasion. Staining with both antibodies was lost in highly invasive tumours such as those of mode 4c and 4d. Nimety-six per cent (23/24) of highly invasive cases (mode 4c+d) showed staining with scores of 0 to 2+ with anti-Dp antibody, while 88% (7/8) of the less invasive cases (mode 1 and 2) showed staining with a score of 3+ (Table IV) . Similarly, 92% (22/24) of the highly invasive cases showed staining with a score of 0 or I + with anti-Dsg antibody, whereas 100% (8/8) of the less invasive cases (mode 1 and 2) were stained with a score of 2+ or 3+ (Table V) . These relationships were statistically significant (P<0.01) (Tables IV and V), suggesting that the invasive tumours express less Dp and Dsg than non-invasive tumours and normal tissue. Relationship between Dp or Dsg staining and nodal metastasis of oral SCC Staining for both Dp and Dsg was substantially reduced in tumours with cervical lymph node metastases compared with those without metastases. Ninety-six per cent of cases with cervical lymph node metastases exhibited low expression of Dp (score of 0 to 2 + ) (Figure 3 a,c and e) but staining with a score of 3 + (Figure 2a ,c and e) was observed in 59% (22/37) of the cases without metastases, while only a single case of staining with a score of 3 + was observed among the cases with lymph node metastases (Table VI) . With Dsg staining, 96% (27/28) of the cases with cervical lymph node metastases showed weak staining (score 0 or 1+) (Figure 3b,d and f) and strong staining for Dsg (score 2 + and 3 + ) was observed in 61% (23/37) of the non-metastatic cases (Figure 2b and d) . Dsg staining with a score of 2 + was observed in only one of the metastatic cases, while more of these had a score of 3 + (Table VII) 
Dicsasio
Our results show that staining for two components of desmosomes, Dsgs and Dps, was reduced in tissue sections of a substantial proportion of oral SCCs compared with the staining seen in normal oral mucosa. Reduced staining occurred especially in those tumours showing poor differentiation and/or extensive invasion. Moreover, staining for both Dsgs and Dps was weaker in those tumours that had given rise to lymph node metastases than in those which had not. These results extend our previous study in which reduced staining for Dsgs was found in tumours that had metastasised (Harada et al., 1992) . Such reduced staining may suggest reduced expression of desmosomal glycoproteins and may indicate a weakening of desmosomal adhesion leading to detachment of cells from the primary tumour. However, Dsgl and 3, the antigens recognised by 32-2B, have restricted tissue distribution and are thus not present in all desmosomes . By contrast, Dp I and II, the antigens recognised by 11-5F, are ubiquitous components of desmosomes (except that DpII is not expressed in cardiac muscle) (Suhrbier and Garrod, 1986; Angst et al., 1990) . Staining with 11-5F, an extremely reliable indicator of desmosomes in various tumours Collins et al., 1990) , 1978; Garrod et al., 1987; Collins et al., 1990; Garrod, 1995) . Such observations raise the possibility that desmo- Garrod, 1995) and that desmosomes may have a tumour suppressor function. This is an important area for further investigation.
Loss of epithelial differentiation in carcinomas, accompanied by higher mobility and invasiveness of the tumours often involves disturbance of the integrity of intercellular junctions of the adherents type, involving the cell adhesion molecule E-cadherin (Birchmeier et al., 1995) . In SCC of head and neck it was found that E-cadherin expression is inversely correlated with both tumour differentiation and lymph node infiltration (Schipper et al., 1991) . E-cadherin is the archetypal molecule of the family to which the desmosomal cadherins, including Dsgs, belong. A future investigation will determine whether down-regulation of Dsgs correlates with that of E-cadherin.
After the breakdown of cell-cell adhesion, SCC cells have to degrade the basement membranes (Liotta, 1986; Harada et al., 1994) to invade surrounding connective tissue and metastasise. The involvement of adhesion molecules such as integrins and matrix-degrading proteinases such as metalloproteinase in SCC is under investigation in our laboratory.
